The present study deals with the status of macrofungal diversity in Gorakhpur district and its distribution pattern. The macrofungal survey was undertaken during 2011-2014 in different localities of Gorakhpur district. A total of 114 species of macrofungi belonging to 58 genera and 33 families were collected and identified in to 31 edible species, 10 excellent edible species, 68 inedible species and 5 poisonous species. Agaricaceae family was found to be the dominant representing 18 species. Distribution of macrofungal species in different localities of Gorakhpur district was also evaluated on the basis of Shannon diversity index, Simpson diversity index and evenness. Highest Shannon diversity index, Simpson diversity index and evenness were found to be 3.61, 0.97 and 0.90 respectively in Sahjanwan tehsil. The results indicate a very high species richness of the study site.
Introduction
Macrofungi are cosmopolitan, heterotrophic organisms that are quite specific in their nutritional and ecological requirements. Macrofungi occupy important place in the biodiversity of India. Macrofungi (also called mushrooms) are represented by 41,000 species across the globe out of which only ~2% have been reported from India, despite the fact that one-third of the total global fungal diversity exists in the tropical Indian region (Priyamvada et al. 2017) . Many Asian countries use traditionally wild edible mushrooms as delicious and nutritional food and medicine. Wild edible macrofungi are appreciated not only for texture and flavour but also for their chemical and nutritional characteristics (Tapwal et al. 2013) .
From time to time different workers had studied macrofungal diversity from Northern part of India which includes North Western region, Eastern Himalaya proper and North Eastern hilly areas. Lots of macrofungi were collected from Himachal Pradesh by Sohi et al. (1964 Sohi et al. ( , 1965 . Ghosh & Pathak (1965) collected 3 species of Macrolepiota from Lucknow (U.P.), Ghosh et al. (1967) also described about some edible macrofungi of Lucknow. Chandrawati et al. (2014) collected 29 species of macrofungal belonging to 12 families from Gorakhpur while Vishwakarma et al. (2014) reported 12 taxa of macrofungi belonging to 8 families from here. Vishwakarma et al. (2017a) had provided a complete checklist of macrofungi of Gorakhpur district. Some works on nutritional property of macrofungi of this area were also carried out by Vishwakarma et al. 2016 Vishwakarma et al. , 2017b .
Collection, identification and processing of macrofungi
Regular field trips were carried out in different places of Gorakhpur villages and forests, usually 4-5 times per months. Fruiting body/carpophores with stipe were picked up from substratum on which it was growing with the help of scrapper or knife or forceps and were wrapped individually in wax paper. Samples were photographed with proper scale in its natural habitats for its appropriate identification by using digital camera (Panasonic, . Place and date of collection, habit and habitat were noted down in the field diary at the time of collection and particular collection numbers was given to each specimen.
Samplings were done using quadrate method each measuring 20 × 20 m. Total of 28 sampling plots in the above 6 sampling sites were studied. Macrofungal specimens were preserved wet as well as dry following Ainsworth (1971) . Fruiting bodies of macrofungi were preserved in solution of alcohol (15ml), formalin (25ml) and distilled water (100ml). Dry preservation of macrofungi were done by hot air oven at 40-50°C and stored in air tight zip lock polyethylene bags with naphthalene balls for further microscopic studies. The spore prints were taken according to the guideline given by Kuo (2001) . Information regarding edibility and other uses of macrofungi species were collected by villagers, local inhabitants of the area and finally by consulting literature. Mycorrhizal associations were ascertained in species found just near the tree base by tracing out the root connection to the fructification.
Specimens were identified using the relevant literature (Alexopolous et al. 1996 , Ellis & Ellis 1990 , Jordan 1995 , Moser 1983 , Phillips 1981 and confirmed by mycokeys (www.mushroomexpert.com and www.mycokeys.com).
Data analysis
Diversity index of macrofungi was calculated as followed by Pushpa & Purushothama (2012) . Shannon diversity index for macrofungi was calculated by using following formula:
H is the diversity index; N is the total number of individuals of all the species and n is the total number of individuals of particular species. Simpson Index of Diversity=1-D D is the Simpson's index, N is the total number of individuals of all species and n is the total number of organism of a particular species With the help of the values of diversity index, the evenness of the mushrooms was also calculated as Where e is evenness, H is Shannon diversity index and S is the number of species
Results & Discussion
A total of 114 species of macrofungi belonging to 58 genera of 33 families were identified during the survey. Table 1 represents the list of collected species during the survey period and is arranged according to their representative families. Agaricaceae family (18 species) was found to be the most dominant while Clavariaceae, Geastraceae, Helotiaceae, Hygrophoraceae, Meripiliaceae, Meruliaceae, Mycenaceae, Russulaceae, Schizophyllaceae, Sparassidiaceae, Steraceae and Tuberaceae contains only one species each (Fig. 1 
Fig. 1 -Family wise distribution of macrofungi in Gorakhpur district
The diverse climatic conditions of Gorakhpur make this area a natural habitat for a large number of macrofungi. Diversity of macrofungi varies greatly because of different ecological habitats viz., decaying wood logs, humid soil, sandy soil, humus, leaf litters etc. Mushrooms are seasonal fungi, which occupy diverse niches in nature in the forest ecosystem (Pushpa & Purushothama 2012 ). In present investigation (Fig. 2 ) the ecological preference of the species revealed that maximum number of (93) species were saprobic, 12 species were parasitic on higher trees, 6 coprophilous and 3 were symbiotic. The abundance of macrofungi on different substrate greatly depends up on the organic and nitrogenous content of the soil and also on the other nutrients factors which plays key role in the growth of fungi (Kumar et al. 2013 ).
Fig. 2 -Distribution of different macrofungi groups
The survey related to the edibility status of macrofungi was also undertaken and the result revealed that out of 114 macrofungal species collected 31 macrofungal species were found to be edible, 10 excellent edible, 68 inedible while 5 poisonous (Fig. 3 ). Species such as Agaricus, Calocybe, Pleurotus, Termitomyces, Tuber and Volvariella are considered highly delicious. The usage of these macrofungi both commercially and domestically may be due to their appealing taste, frequent occurrence and the fact that they are easily identified by the local peoples as safe for consumption. Macrofungi contains high nutritive value. It contains low fat, rich in fibre, protein, minerals (Ca, P, K) and vitamins. It has high nutraceutical value which has created an interest of local peoples towards its use (Abolfazi & Janardhana 2012) . in the months of January and November of all year (Fig. 5) . In months of July, August and September the environmental conditions are very favorable for the growth of various macrofungi. Rainy season supports more macrofungal growth. Some woody macrofungi are present throughout the year while some occurs only at specific time of the year. The diversity index is a mathematical representation of species diversity in a community. Diversity indices provide important information about rarity and commonness of species in a community. It takes in to account the number of species present (species richness), as well as the abundance of each species (evenness). Simpson's diversity index (1-D) is a simple method to measure species diversity in a community. The value of D ranges between 0 and 1. Greater the value of D greater is the diversity. Shannon diversity index is commonly used to characterize species diversity in a community. Macrofungi were collected from six different sites of Gorakhpur district to evaluate the macrofungi richness. Species diversity and species richness of macrofungi are shown in table 2. The area wise sampling for macrofungi shows that Sahjanwan tehsil contains highest number of species (53), followed by Sadar tehsil which contains 34 species, Khajni tehsil contains 12 species, Gola tehsil contains 6 species, Bansgaon tehsil contain 5 species and Campierganj tehsil contains 4 species (Fig. 6 ). Sahjanwan tehsil shows the maximum diversity index. The Shannon's diversity index and Simpson's diversity index were found to be 3.61 and 0.97 respectively and evenness to be 0.90 in Sahjanwan tehsil. The highest number of species in Sahjanwan tehsil was contributed by the frequent collections made during the study period compared to other study sites in present study. The difference of the occurrence of macrofungi in the various localities in the study area also can be attributed to several factors such as rainfall, quantities of suitable substrate, damp forests with constant high air humidity and type of forest. The lower number of macrofungi recorded in this study could be because; only one to two collecting visits were made to each site. In fact complete knowledge of the fungi for any locality would require continuous observation and collection over many years (Bolhassan et al. 2012) . Species diversity and occurrence increase with the increasing number of visits over a longer period.
Fig. 6 -Number of macrofungi collected from different Tehsils of Gorakhpur district

Conclusion
North Eastern part of Uttar Pradesh with its varied topography, diverse vegetation and climatologic fluctuations can be successfully explored for the growth of macrofungi in wild habitat. In spite of the fact that this region is rich in resources of edible macrofungi, no planned effort has been made so far to collect and conserve them. There is vast scope of edible macrofungi which grow wild in forests and grasslands of this region. The moderate rainfall in this part supports a rich flora. These macrofungi can be widely used as food and medicine besides maintaining strength of ecosystem. Therefore it is very important to completely explore, document and conserve this natural wealth.
